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Introduction
Traditionally, engineering students are taught in a classroom setting with the instructor explaining various concepts and deriving the appropriate mathematical relationships. The instructor may also present some applications of these concepts. However, students may not really appreciate the true learning of these concepts unless they are tied to a real-world industrial problem that has a direct bearing on the concepts. In addition, an optimal solution to a larger industrial problem requires appropriate synthesis and adaptation of multiple concepts in a discipline or across disciplines in a comprehensive manner. Currently available curricula at most engineering institutions do not include a systematic study of real-world problems, although some organize problems disparately among different courses. Because prevailing engineering education pedagogies do not target real-world problem solving in a comprehensive manner, our graduates need to go through a substantial period of after-hire training before they can contribute to their employers.
To maintain competitive advantages in today's global market, companies are challenging higher education institutions to produce industry ready graduates. To meet this challenge, we developed the EXPLORES (Experiential and Problem-based Learning within Opportunities for Real-world Engineering Settings) model based on the problem-based learning (PBL) pedagogy, where students in Mechanical Engineering are exposed to real-world industrial problems that will have a direct bearing on fundamental engineering concepts taught in core mechanical engineering courses. The model is implemented in a learner-centered, knowledge-centered, assessment-centered, and community-centered student learning environment. Specifically, realworld industrial problems are identified that can be broken down into sub-problems and mapped to a selected set of key concepts taught in clusters of core courses in the Mechanical Engineering curriculum. These case problems are presented under a virtual company framework. Students post their work in the virtual company repository during different stages of the learning process. Their solutions and procedures are then viewed by the instructor, industry partners, and other students who provide periodical feedback. Industry experts then meet with students to discuss the pros and cons of the solutions from a real-world perspective.
Four (4) industrial case studies have been developed and implemented in the Manufacturing Processes course. The outcome was evaluated by the University of Cincinnati's Evaluation Services Center (UCESC) through a cohort study. The evaluation produced some interesting findings that are important to guide the implementation of the EXPLORES model. The results have been used to guide the implementation of the EXPLORES model in Engineering Statistics, which is undergoing the same evaluation process in the 2014-1015 academic year. This paper is organized as follows. Section 2 presents the background of the development of the EXPLORES model, including its theoretical and educational feasibility. Section 3 depicts the details of the EXPLORES model, including the organization of the virtual company. Section 4 describes the implementation of industrial case studies in the Manufacturing Page 26.133.3
Processes course. The result is discussed in Section 5. Finally, Section 6 summarizes the conclusions drawn.
Background
The methodology of incorporating real-world industrial problems in engineering curriculum under a virtual company framework is rooted in the Problem-Based Learning (PBL) pedagogy, which has gained increasing popularity in higher education. The desirable outcome of PBL, compared to traditional modes of teaching is that students develop deep learning approaches that enable them to engage in lifelong learning. Other advantages include increased retention of knowledge, development of integrated knowledge, and increased motivation 1 . The central features of PBL include the following: (1) learning is student-centered; (2) students identify, find, and use appropriate resources; (3) students learn group co-operation in all stages of work; (4) instructors are facilitators; (5) inter-disciplinary learning where solution of the problem can extend beyond traditional subject-related boundaries and methods; (6) opportunity to acquire deeper learning; (7) problems form the stimulus for learning; (8) problems are based on complex, real-world situations; and (9) problems are contextualized to promote student motivation and comprehension.
Recently, application of PBL in engineering education emerges as a response to the demand for engineers with multidisciplinary training to work with the complexity of modern industry. Several studies about PBL in engineering classes found that students favor PBL approach because it stimulates them to tackle the problem and that they can apply their prior knowledge; and students' learning ability is enhanced by learning to work in a cooperative environment [2] [3] [4] . Other studies demonstrated the usefulness of PBL in engineering education for promoting students' cognitive skills to solve problems and integrative scholarship [5] [6] . However, a meta-analysis by Newman et al. on the effectiveness of PBL reports some evidence in favor of PBL as an approach to learning, but not in a consistent manner or in large effect size 7 . Few studies have randomized experiential design to determine the differences between PBL and traditional teaching method for students' learning outcome. One quasi-experimental design by Dennis found that PBL in both face-to-face and online format were equally supportive to students' learning but students in online PBL groups spent more time on learning and that there was a significant relationship between learning issues generated and higher exam scores 8 .
A few recent studies showed that integrated approach of PBL pedagogy and online delivery model enhanced students' learning attitudes 9 , better prepared students for applying the knowledge learned in the classroom 10 , and provided a coherent and comprehensive learning environment [11] [12] . These evidences support the presentation of real-world industrial problems using the previously developed virtual company framework. Students will have a better understanding of the industrial environment, why they are learning Mechanical Engineering, and how they can apply what they learned to solve problems that have a direct bearing on company missions.
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Methodology
Research has shown that people construct new knowledge and understandings based what they already know and believe [13] [14] [15] . Students come to the classroom with preconceptions about the subject matter. If their initial understanding is not engaged, they may fail to grasp the new concepts and information that are taught, or they may learn for the purpose of taking tests but revert to their preconceptions outside the classroom 16 . Therefore, instructors must draw out and work with the preexisting understandings that the students bring with them. They must actively inquire into students' thinking and create conditions under which student thinking can be revealed. Formal understanding of the subject matter can then be more effectively built on the basis of student preconceptions. Therefore, a well-designed learning environment must be learner-centered.
The following mechanism is used to draw out students' preconception of a subject matter. Real-world industrial problems will be presented under an on-line virtual company framework. At the beginning of each course, related problems will be presented to the students and the students will be asked to solve these problems as if they are employees of the company who are assigned to work on the projects. Presenting the problems on-line will allow students to conduct in-depth investigation outside the classroom during their convenient time at their own pace. Students will then be required to post their proposed solutions in the virtual company repository. These initial solutions will be used as the basis for group discussions facilitated by the instructor. This process will reveal students' preconception and allow the instructor to employ "diagnostic teaching" to better present key concepts related to the problems. Specifically, the instructor will be able to discover what students think in relation to the real-world problems they are attempting to solve. If there are any misconceptions, the instructor can discuss these misconceptions and provide examples to stimulate the students' thought process to enable them to readjust their ideas 17 . This process will allow students to more effectively build formal understanding of the subject matter.
To help students achieve expertise in the subject matter, the learning environment must be knowledge-centered. Instructors must take seriously the need to help students become knowledgeable by learning in ways that lead to understanding and subsequent transfer 18 . Bransford et al. pointed out that many curricula fail to support learning with understanding because they present too many disconnected facts in too short a time, i.e., the "mile wide, inch deep" problem 16 . Therefore, superficial coverage of all topics in a subject area must be replaced with in-depth coverage of fewer topics that allows key concepts to be understood. Gick and Holyoak showed that when key concepts are taught in multiple contexts with examples demonstrating their applications, students are more likely to abstract the relevant features of these concepts and to develop a flexible representation of knowledge 19 . In addition, Brown et al. suggested that in terms of organizing their knowledge, students could benefit from the strategies experts used to approach problem solving 20 . Therefore, when selecting real-world industrial problems we will use those that can be broken down into a number of sub-problems that can be mapped into different courses. The solution of each sub-problem will require the knowledge of a few key concepts. Note that we are not abandoning broad coverage of the subject area (which will be delivered via traditional lectures). Rather, we focus on a few key concepts in course projects. Students will work on at least two different projects (originated from different Page 26.133.5
industrial partners in different application domains) so they can develop a flexible representation of knowledge to facilitate knowledge transfer to other applications. After students complete these projects, industry experts would meet with students to discuss the problems and provide solutions based on industry's best practice. Students will then get a better idea of what expertise looks like and gain a more thorough understanding of the subject matter from an industrial perspective.
In addition to being learner-centered and knowledge-centered, an effectively designed learning environment must also be assessment centered. What is assessed must be congruent with students' learning goals and the assessments should provide opportunities for feedback and revision. A traditional learning environment usually relies heavily on summative assessment; namely, measuring what students have learned at the end of some set of learning activities (e.g., mid-term and final tests). In an assessment-centered environment, formative assessments (designed to make students' thinking visible to both teachers and students) are essential to monitor learning progress. These assessments allow the instructor to grasp the students' preconceptions, understand where the students are in the "development corridor" from informal to formal thinking, and conduct instruction accordingly 16 . To facilitate formative assessment, students are required to post their project work in the virtual company repository during different stages of solutions. By analyzing these students' works and engaging students in discussions, the instructor can learn about the students' thinking and understanding. This will allow the instructor to continuously incorporate feedbacks in classroom instruction in a nonintrusive manner. In addition, industrial partners will be invited periodically to evaluate students' workin-progress and provide feedbacks from an industrial perspective. Through these activities, students can learn to assess their own work as well as the work of other students. As a result, everyone can learn more effectively 21 .
Developments in the science of learning suggest that the degree to which a learning environment is community-centered is also important. There are several aspects of a community, including the classroom, the school, and the connection to the larger community of homes, businesses, states, the nation, and even the world 16 . Here we will focus on the classroom environment and the connection to local industry. In the classroom, we will develop a norm that value the search for understanding and allow students the freedom to make mistakes in order to learn. Brown and Campione 22 and Cobb et al. 23 have shown that such a norm can enhance learning. Students will also be encouraged to learn from one another and to continually attempt to improve their project works. Presenting real-world problems under the virtual company framework and engaging local industrial partners throughout the learning process will allow students to establish a clear connection to the real-world. Students will feel that their project works are making a real contribution to the local industry, which is an important motivation factor to engage in lifelong learning 24 . Figure 1 illustrates the EXPLORES learning environment. Figure 1 : The EXPLORES learning environment.
The purpose of using a virtual company is to give students a more realistic feeling of the practicality of their projects. The company was named STAR Corp. Technical Center. It has two departments; namely, Manufacturing (corresponding to the Manufacturing Processes course) and Quality Assurance (corresponding to the Engineering Statistical Methods course). There are three types of users, summarized as follows:
 Engineers. They are students who will be working on projects pertinent to the courses that they are taking.  Directors. They are course instructors who will assign projects to the engineers, monitor project progress, and assess the performance of the engineers.  Consultants. They are industrial experts who will provide feedback to the engineers.
The virtual company framework is shown in Figure 2 . A snapshot is shown in Figure 3 . 
Implementation in Manufacturing Processes
During Fall'13 semester, the EXPLORES model was implemented in the Manufacturing Processes course. Two experts from GE Aviation provided a total of 4 industrial case studies (see Appendix). The experts from GE Aviation and the instructor had a series of meeting prior to the start of the semester to facilitate the integration of industry problems with the course material. Course material was realigned to best suit the needs of the industry problems. For each of the industry problems, students focused on key concepts based on selection of manufacturing processes, process capability, variability (tolerances) and design for manufacturability.
After the start of the Fall semester, the experts briefed the students about the case studies they were supposed to work on in groups. The following teaching pattern was executed throughout the semester:
-The instructor covered the relevant key concepts required for the case study to be worked on by students in a group. -Experts from GE Aviation visited the UC campus during the designated class hours to brief students about the case study. -Students interacted with the experts directly during the class with any doubts or questions they came across. -The case study assignment was posted on the Virtual Website specifically designed for the EXPLORES model with all the relevant material Page 26.133.8
-Students groups (max. 3 or 4 students per group) were given at least 2 weeks to turn in the solution for the case study. -The case studies were graded via the virtual company by the instructor and experts from GE Aviation either at GE Learning Center, Cincinnati or at UC Campus. -Experts from GE Aviation again visited the UC campus during the class hours to distribute the graded case studies and also provide feedback to students. After the interactive session with students, experts from GE Aviation provided brief summary about the next case study which was due in 2 weeks from that day.
Result
 All students' motivation and learning strategies had significant moderate correlation with their course grades (r (87) = .367, p =.046). It is possible that the EXPLORES students had to go through major adjustments in their approach to learning, since this may have been the first time they were subjected to the PBL approach.  The EXPLORES students leaned toward moderate visual and moderate sensing learning styles. The pictures, diagrams, and schematics that accompanied the problems catered to this visual learning style. As sensing learners, the need for details and hands-on work of the project worked well for them. However, the sensing learning style of these students could have played a role in the significant decreases in their learning strategies post survey results particularly in self-regulation [t (31) = 2. This could be a result of the group structure in the case studies. Other than these, there were no significant differences in any other aspects of motivation and learning strategies of these students.  The use of PBL in the EXPLORES class provided opportunities for students to exercise their critical thinking and higher order learning skills. The fact that the problems given were actual manufacturing scenarios meant students had opportunities to learn applied engineering knowledge and skills needed by the industry. These were opportunities not provided in the traditional class.  The EXPLORES students' products through their case study reports, provided them better opportunities for applying their critical thinking skills compared with those who attended the traditional class since they did not have this exposure. The EXPLORES students dealt with actual manufacturing problems and they had the chance to interact with industry champions. Thus, there were greater opportunities for these students to learn applied engineering knowledge and skills needed by the industry compared with similar students who were trained with the same courses but were in traditional classrooms.
Summary
The evaluation result produced some interesting findings that are important to guide the implementation of the EXPLORES model. Specifically, peer learning for the experimental group (EXPLORES) has improved compared to the control group (traditional). However, the experimental group's learning strategy has somewhat deteriorated with respect to self-regulation, effect regulation, and study management. The likely cause is that the case studies are too Page 26.133.9 complicated (the students are Sophomores). The evaluators also commented that the implementation of the EXPLORES model did not strictly follow the model design. The EXPLORES classroom observations indicated almost the same instructional mode as the traditional class except for the presence of the industry partners presenting the manufacturing case studies and the inclusion of the case studies as part of the course work. As such, no significant differences in any other aspects of motivation and learning strategies of these students were detected.
Based on these findings, we have redesign the implementation of the EXPLORES model. The presentation of key course concepts is now done via small textbook problems rather than through traditional lecture. Students are encouraged to ask questions regarding these problems before course concepts are introduced. The purpose is to understand if the students have any preconception that may not be correct. The number of case problems is reduced from 4 to 2. The problems are separated into two phases. The first phase aims to allow the students to develop a deep understanding of the nature of the problem. The students are also required to develop a plan for solving the problem before they proceed to solve the problem in the second phase. This strategy is currently being implemented in the Engineering Statistic Methods course. For the first two tests in the course, the experimental group has significantly higher average scores than the control group (Test I: e(45) = 19. 
